Abstract The EBIC and remote contact EBIC (REBIC) techniques have been used to reveal grain boundaries and precipitates in CdTe crystals and to study their recombination contrast as a function of the electron beam parameters and temperature. The results obtained are discussed taking into account the defect charge state and the recombination properties of their environment.
Introduction
Numerous technical applications of CdTe crystals are limited by the lack of detailed knowledge about the properties of electrically active defects and extended defects in particular. To detect and characterize such defects with the high spatial resolution the electron beam-induced current (EBIC) mode of a scanning electron microscope (SEM) is extensively used [ 1, 2 ] . From these investigations it is well known that the EBIC contrast of extended defects strongly depends on the charge state of the defects [3,4] and on their interaction with other lattice defects [5, 6] . For example, it was shown that Te precipitates essentially influence the recombination activity of grain boundaries in CdTe [7] . Therefore, to understand the mechanisms of the EBIC contrast formation it is necessary to carry out measurements of the defect contrast dependence on an incident beam current, primary electron energy, temperature etc. In the present work the EBIC technique has been used to study extended defects in CdTe crystals. It has been shown that the dependence of the EBIC contrast on excitation conditions is determined by a difference in the electrical activity of the defects under study and their environment.
Experimental p-CdTe crystals
with shallow acceptor concentration of about 1 0 ' ' cm-3 grown by Bridgman technique were used for investigations.
From these crystals samples with the dimensions 3 x 3~1 0 mm3 were cut.
These samples were polished mechanically and chemically in the from the defect and on it, respectively. For the REBIC measurements the ohmic contacts were deposited on the opposite sides of the samples. In this case the signal is formed as a result of separation of created by an electron beam electron-hole pairs in the electric field of charged defects. Preliminary analysis of the samples under investigation was carried out by selective chemical etching and X-ray microanalysis. Grain boundaries, sub-grain boundaries, twins and some large enough (up to 10pm) Te-rich precipitates in the matrix as well as near the extended defects were revealed.
Results and discussion
The results obtained have shown that practically all defects revealed by chemical etching, i.e. grain boundaries, sub-grain boundaries, twins, Te-rich precipitates and some other unidentified defects, can be seen in EBIC mode. These defects are charged at room temperature that can be shown by the REBIC investigations ( stability in different regions of these complex defects is different. In the range of low currents a decrease in the EBIC contrast with the beam current can be observed for the precipitate (Fig.1, curves  b,c,d ). This may be accounted for by the presence of centers with shallower levels which might capture the majority carriers and hence their capture cross-section may increase with the beam current. Different dependence of the EBIC contrast on the excitation level indicates that the properties of the defect environment may differ from those of the defect itself. One more example of such behavior is presented in Fig.3 where the temperature dependences of the EBIC contrast with two maxima are shown. Our investigations show that at least in some cases such dependences are a result of different temperature dependencies of different parts of the defect. It is illustrated in Fig.4 where one more barrier appears on the REBIC defect image at lower temperatures. It should be noted that on this REBIC image at a low temperature the contrast of sub-grain bondaries and twins is disappeared. This indicates that at the excitation conditions used a potential barrier near these defects is strongly decreased. In the same time for some defects a potential barrier can increase (Fig. 4) . the EBIC mode at different accelerating voltages. At U,=lOkV it is clearly seen that a defect A consists of two regions o f different recombination activities. The induced current profiles obtained at different accelerating voltages suggest that the minority carrier lifetime inside the defect is longer than in the region surrounding it. The dependence of the EBIC contrast of this defect on the accelerating voltage is non-monotonous and is shifted towards higher accelerating voltages as compared to that of another precipitate B and of a subboundary C. It should be mentioned that for dislocations in CdTe the maxima in the contrast dependence on the beam energy were obtained to depend on the relation between the recombination efficiencies inside and outside the depletion region of a Schottky diode [11, 12] .
Another interesting feature of the EBIC defect images is a bright contrast which appears at rather high accelerating voltages (Fig.6) . At lower voltages the bright contrast disappears while a dark one remains. At low temperatures the bright contrast is seen more clearly along the boundaries when the induced current decreases in grains as a result of temperature decrease. It may be explained by the gettering effect of grain boundaries, but our REBIC investigations show that these grain boundaries are charged that may cause a transport of minority carriers along them. In some cases extended defects may bring about an inversion of the conductivity type in the region Fig.7 The bright EBIC contrast of sub-grain boundaries in an p-Cd Hg Te crystal (T=90K). 02 08 neighboring these defects. This has been observed in p-CdOZHgo8Te crystals annealed in Hg-rich atmosphere where the bright contrast appeared at sub-grain boundaries (Fig.7) [13]. Such treatment can lead to Hg diffusion along the boundaries and to the formation of inverse conducting layers in their vicinity.
Conclusions
The results obtained indicate that a potential barrier is formed near extended defects in CdTe crystals and the stability of this barriers under electron beam excitation can be high enough. Around the extended defects a region with recombination properties different from those of the defect is formed. This follows from the peculiarities in the contrast dependence on the electron beam energy, beam current and the specimen temperature. The experimental results obtained support the assumption about minority carrier transport along some extended defects in CdTe crystals.
